Introduction
Cataract surgery with intraocular lens (IOL) implantation is safe and produces stabilized postoperative outcomes. However, challenges remain to achieve more comfortable eyes with a higher quality of vision. Factors that contribute to such improvements are optics of the IOLs, 1 including the so-called premium IOLs, corneal configuration, Perioperative abnormalities of the tear film are recently being noted as perioperative dry eye. The International Dry Eye Workshop in 2007 stated that Dry eye is a multifactorial disease of the tears and ocular surface that results in symptoms such as ocular discomfort, visual disturbance, and tear film instability with potential damage to the ocular surface. 3 Risk factors for perioperative dry eye have been reported to include forceful opening of the eye lids, 5 aging, 6, 7 light and heat from the operating microscope, 8, 9 preservatives in eye drops, 10 topical nonsteroidal anti-inflammatory drugs (NSAIDs), 11 topical anesthetics, 12, 13 and cleansing of the conjunctival sac and lids with povidone iodine. 14 The mechanism, through which these risk factors induce dry eye after cataract surgery with IOL implantation, its incidence, as well as its prevention and treatment method have not yet been established. [15] [16] [17] [18] [19] [20] [21] [22] However, pathophysiology and concept of the treatment of general dry eye are recently becoming more apparent. 3, 23, 24 The concept is that risk factors of dry eye induce abnormality of the tear film or of the corneal and conjunctival epithelium, or of both, leading to ocular discomfort or visual functional disturbance. The tear film covers the epithelium to protect its functions, such as barrier via the avoidance from desiccation. The function of the tear film and corneal and conjunctival epithelium complements each other; and therefore, damage to either the tear film or the epithelium results in a vicious cycle, which may ultimately result in dry eye syndrome.
On the basis of the recent understanding of dry eye pathophysiology, there has been a shift in treatment from simply lubricating the ocular surface using artificial tears (AT) or sodium hyaluronate to applying medications to secretion of water and mucin. Diquafosol sodium, a relatively new medication, is a dinucleotide derivative and a purinoceptor agonist. It acts on the P2Y 2 receptor on the ocular surface to increase the concentration of intercellular calcium ions leading to the secretion of aqueous tears and mucin. [25] [26] [27] [28] [29] [30] Animal studies [27] [28] [29] 31 revealed diquafosol sodium to act on conjunctival epithelium and goblet cells of the epithelium, inducing secretion of aqueous fluid and mucin, protecting the corneal epithelium from desiccation, and improving barrier function of the corneal epithelium via the enhancement of tear film stability. Recent studies on humans also have reported that 3% diquafosol sodium ophthalmic solution (DQS) has been found to be effective on general dry eye syndrome. [32] [33] [34] However, the effect of DQS on dry eye after cataract surgery was scarce 21, 22 and no prospective multicenter study has been conducted for this.
In the current multicenter prospective study, we first investigated the influence on ocular surface after the cataract surgery with IOL implantation by the dry eye examination. Furthermore, we then carried out a randomized comparative analysis to confirm the effects of DQS and AT on the patients diagnosed dry eye 4 weeks post operation.
Materials and methods study design
This study was carried out at 12 eye centers in Japan. It had two consecutive study phases. The former was an observational study from before cataract surgery to 4 weeks after surgery and the latter was a prospective randomized open-label parallel group comparison study from 4 weeks after surgery to 8 weeks after surgery with DQS (DIQUAS, Santen Pharmaceutical, Osaka, Japan) or AT (MYTEAR, Senju Pharmaceutical, Osaka, Japan). All patients were given full explanation of this study, and a written informed consent was obtained from all subjects. This study followed the tenets of the Declaration of Helsinki, and it was approved by the Institutional Review Board and the Ethics Committee of Kimura Hospital (Tokyo). A registration of this study was done at http://www.umin.ac.jp/ (Identification No UMIN000016060).
Subjects for the observational study
Patients subjected to an age-related cataract surgery using phacoemulsification (PEA) were enrolled in the first observational study. Patients were excluded if they had allergic conjunctivitis, diabetic retinopathy, necessity of topical ocular medications for glaucoma or uveitis, or necessity of contact lenses during this study phase. Also, patients were excluded if they had a history of laser-assisted in situ keratomileusis, palpebral surgery, corneal transplantation, allogeneic hematopoietic stem cell transplantation, medication with eye drops for dry eye within 2 weeks of this study examination before surgery, or medication with a device for dry eye (eg, punctal plug). After incision and PEA to treat the cataract, a foldable acrylic posterior chamber IOL was implanted in the capsular bag. With patients undergoing bilateral surgery, the eye having undergone surgery first was enrolled to the study. Postoperative topical medications with steroid, antibacterial drug, and NSAIDs were integrated in particular brands as much as possible. The steroid eye drops such as fluorometholone 0.1% (FLUMETHOLON, Santen Pharmaceutical, Osaka, Japan) and antibacterial drug such as levofloxacin 1.5% (CRAVIT; Santen Pharmaceutical, Osaka, Japan) were instilled for 4 weeks after surgery. Also, NSAIDs such as diclofenac 
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Clinical data collection, dry eye diagnostic, and dry eye type classification Dry eye examination through tear breakup time (BUT) using a fluorescein, corneal, and conjunctival fluorescein staining score, a subjective symptom questionnaire, and Schirmer I test were evaluated before and 4 weeks after cataract surgery. BUT was evaluated three times through its mean value. Corneal and conjunctival fluorescein staining scores were evaluated in three areas (the temporal bulbar conjunctiva, nasal bulbar conjunctiva, and cornea), scored on a 0-to 3-point scale (0: no damage to 3: damage in the entire area) and then totaled (maximum =9 points). The subjective symptom was evaluated with an interview form including a frequency of 12 dry eye symptoms as eye fatigue, eye pain, eye discharge, foreign body sensation, tearing, blurred vision, itchy eye, heaviness, red eye, eye discomfort, dryness, and photophobia. 35 This questionnaire is generally used for the evaluation of dry eye in Japan. It was quantified as follows: score 0= never, score 1= rarely, score 2= sometimes, and score 3= all of the time. The patient replied that there was at least one symptom, such as "sometimes" (score 2) or "all of the time" (score 3), that was considered to be positive.
Dry eye was diagnosed based on the Japanese diagnostic criteria. 23 Definite dry eye was determined to have positive subjective symptoms ($ score 2) and tear film abnormalities (BUT #5 s or Schirmer I test #5 mm) and a positive fluorescein staining score ($ score 3). Probable dry eye was determined to have two symptoms out of three (positive subjective symptom, tear film abnormality, and positive fluorescein staining). To consider the adverse effects of cataract surgery on dry eye, we analyzed the change of dry eye diagnostic classification. A definite dry eye patient at 4 weeks after surgery changed from probable at pre-surgery examination and was determined to have worsened dry eye. The probable or definite dry eye patient at 4 weeks after surgery changed from non-dry eye at pre-surgery examination and was determined to have developed dry eye.
To analyze the ratio according to dry eye types, we divided dry eye patients into two types. One type was unstable tear film dry eye called short BUT type dry eye (Schirmer I test .5 mm, BUT #5 s and positive subjective symptoms). This type has a normal tear volume. The other was tear-deficient dry eye (Schirmer I test #5 mm and positive subjective symptoms).
Risk analysis for dry eye after cataract surgery
We performed a risk analysis for developing dry eye after cataract surgery. In this analysis, we examined the influence of patient demographics and the result of dry eye examination before and after cataract surgery.
Prospective randomized study with DQS or aT
At the examination 4 weeks after surgery, the patient with definite dry eye or probable dry eye except no fluorescein staining score (score 0) was enrolled in the prospective randomized study. The qualified patients were randomized into one of the two groups, one group with DQS and the other with AT. Randomization was performed 1:1 using the permuted block method and the envelope method. Patients received either DQS or AT six times a day for 4 weeks and were given dry eye examinations before and 4 weeks after the treatment. The dry eye examination was conducted in the same manner as the observational study.
statistical analysis
One-sample t-test and the Wilcoxon rank-sum test were used to analyze the results of dry eye examinations before and 4 weeks after cataract surgery. For the risk analysis, univariate logistic regression analysis was used. For the analysis for the effect of DQS/AT after cataract surgery, Fisher's exact test, t-test, and the Wilcoxon rank-sum test were used to analyze the background. T-test and the Wilcoxon rank-sum test were used to analyze the result of the dry eye examination. All statistical analyses were performed using SAS version 9.4 (SAS Institute INC, Cary, NC, USA) by Medical TOUKEI Corporation (Tokyo, Japan). P-values ,0.05 were considered significant.
Results

Subject demographics of the observational study
A total of 433 eyes of 433 patients (males: 199, females: 234, average age: 71.9±7.5 years) subjected to age-related cataract surgery were enrolled in the observational study. Table 1 shows the demographics of 433 patients.
Change in signs and symptoms before and 4 weeks after surgery One-sample Wilcoxon rank-sum test, corneal and conjunctival fluorescein staining scores were evaluated in three areas (the temporal bulbar conjunctiva, nasal bulbar conjunctiva, and cornea), scored on a 0-to 3-point scale (0: no damage to 3: damage in the entire area) and then totaled (maximum =9 points). Subjective symptom score; score 0= never, score 1= rarely, score 2= sometimes, score 3= all of the time. *P,0.05; **P,0.001. Abbreviation: SD, standard deviation.
of 12 subjective symptoms before and 4 weeks after surgery according to the classification of the dry eye diagnosis.
BUT 4 weeks after surgery was significantly shorter than before (P=0.036). In non-dry eye subjects at before surgery, BUT became significantly shorter too (P,0.001). However, in definite or probable dry eye patients before surgery, there was no significant difference of BUT between pre-and postcataract surgery. In patients with developed dry eye, BUT became significantly shorter 4 weeks after surgery (before: 6.44±2.73 s, after: 3.99±2.56 s, n=41, P,0.001, T-tests). Also, in non-dry eye subjects through the surgery, BUT became significantly shorter too (before: 7.28±2.54 s, after: 6.54±2.78 s, n=90, P=0.004, T-tests). 
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The fluorescein staining score 4 weeks after surgery was significantly higher than before surgery (P=0.012). Also, in non-dry eye subjects at before surgery, it became significantly higher too (P,0.001). And, in probable dry eye at before surgery, it was significantly higher too (P,0.001). On the other hand, in patients with definite dry eye before surgery, the fluorescein staining score after surgery decreased significantly (P,0.001). The fluorescein staining score 4 weeks after surgery became significantly higher in developed dry eye (before surgery: 1.0±0.9 score, after surgery: 2.3±1.3 score, n=41, P,0.001, T-tests).
The total score of 12 subjective symptoms 4 weeks after surgery was significantly decreased than before (P,0.001). Each subgroup (non-dry eye, definite, probable dry eye before surgery) showed in the same manner significantly (P,0.001). About individual subjective symptoms of total patients, blurred vision, photophobia, eye fatigue, eye discharge, tearing, itchy eye, heaviness, red eye, and ocular discomfort especially showed significant improvement as P,0.001. The top three of the subjective symptoms which had a big amount of change were blurred vision (−1.6 score), photophobia (−0.6 score), and eye fatigue (−0.6 score). However, eye pain and foreign body sensation were not changed significantly, only the latter about non-dry eye subjects before surgery tended to increase (before: 0.4 score, 4 weeks after: 0.5 score, P=0.323, the Wilcoxon rank-sum test). Schirmer I test did not change significantly between before surgery and 4 weeks after surgery.
Prevalence and change of diagnostic classification of dry eye before and after cataract surgery Table 3 shows the prevalence and the change of diagnostic classification of dry eye before and 4 weeks after cataract surgery. Before cataract surgery, 69.7% (302 patients) of the total patients were diagnosed with definite or probable dry eye. But, at 4 weeks after cataract surgery, the patients of definite or probable dry eye decreased to 55.7% (241 patients).
About the change of diagnostic classification, 31.1% (75 patients) of the total patients diagnosed with definite or probable dry eye at 4 weeks after surgery were classified as having developed dry eye (from non-dry eye to probable or definite dry eye) or worsened dry eye (from probable dry eye to definite dry eye). Also, 31.3% (41 subjects) of the non-dry eye subjects before surgery changed to having developed dry eye (to definite or probable) at 4 weeks after surgery. On the other hand, 22.4% of definite dry eye and 38.2% of probable dry eye before surgery were changed to non-dry eye 4 weeks after surgery.
Type of dry eye before and 4 weeks after surgery
We analyzed the ratio according to dry eye types before and 4 weeks after surgery. Before surgery, the percentage of unstable tear film dry eye was 57.0%. It was larger than the one of tear-deficient dry eye (36.4%). At 4 weeks after surgery, the percentage of unstable tear film dry eye was 53.1%. It was larger than the one of tear-deficient dry eye (28.2%) too.
Risk factors of dry eye 4 weeks after cataract surgery Table 4 shows the risk analysis for dry eye 4 weeks after cataract surgery according to patient demographics and the result of the dry eye test before surgery. Females were more likely to develop dry eye 4 weeks after cataract surgery, and the odds ratio was 3.149 times significantly higher than males (P,0.001). Shorter BUT (#5 s) had significantly higher risks than normal BUT (.5 s; 3.959 times, P,0.001). Also, patients with fluorescein staining scores had a significantly higher risk than those without (P,0.001). Furthermore, patients with subjective symptoms (eye fatigue, eye discomfort, dryness, and photophobia) also had a significantly Notes: *P,0.05, **P,0.001, corneal and conjunctival fluorescein staining scores were evaluated in three areas (the temporal bulbar conjunctiva, nasal bulbar conjunctiva, and cornea), scored on a 0-to 3-point scale (0: no damage to 3: damage in the entire area) and then totaled (maximum =9 points). Subjective symptom score: score 0= never, score 1= rarely, score 2= sometimes, and score 3= all of the time.
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Dry eye after cataract surgery and its treatment by topical diquafosol higher risk than those without (P,0.001). On the other hand, there was no significant difference related to the incision procedure, site of incision, anesthetic procedure, antiseptic procedure, surgical time, Schirmer I test, and a part of subjective symptoms (eye discharge, tearing, blurred vision, and itchy eye).
Prospective randomized study with DQS or AT
One hundred and seventy-eight qualified patients were randomized (DQS: 85 patients; AT: 93 patients). After randomization, nine patients were dropped out. Before statistical analysis, 15 patients were excluded. The reasons of dropping out were an adverse event (one patient of the AT group, allergic conjunctivitis) and personal reasons (eight patients). The reasons of exclusions were due to the lack of inclusion criteria for the randomized study (12 patients) and the lack of instillation (3 patients). A total of 154 patients (DQS: 75 patients; AT: 79 patients) were analyzed for the prospective randomized study. Table 5 shows the background of 154 patients. There was no significant difference between DQS and AT groups. Table 6 shows the change of BUT in total patients before and after treatment. In the DQS group, BUT was significantly increased than before (P=0.015). In the AT group, there was no significant change (P=0.085). About the definite dry eye patient before surgery, BUT of the DQS group significantly increased than before treatment (P=0.018), but did not change in the AT group (P=0.972). There was a significant difference between DQS and AT (P=0.028). Table 7 shows the change of fluorescein staining score in total patients. Both groups showed significant improvement after the treatment (P,0.001). About the definite dry eye patient before surgery, both groups tended to decrease but not significantly. Table 8 shows the change of total score of 12 subjective symptoms in total patients before surgery. Total subjective symptom score of the AT group significantly decreased (P,0.001). It tended to decrease in the DQS group but not significantly. About the definite dry eye patients before surgery, both groups tended to decrease but not significantly.
Discussion
In this observational study, we investigated the influence on ocular surface after the prevalence of dry eye post cataract surgery by the dry eye examination and compared the prevalence of dry eye pre-and post-cataract surgery to evaluate the impact of surgery on it. It was confirmed that cataract surgery shortened BUT and increased the fluorescein ocular surface staining score. Moreover, the majority of postoperative dry eye was revealed to be of the unstable tear film type. Based on the Japanese dry eye diagnostic criteria, 23 the prevalence Notes: **P,0.001, corneal and conjunctival fluorescein staining scores were evaluated in three areas (the temporal bulbar conjunctiva, nasal bulbar conjunctiva, and cornea), scored on a 0-to 3-point scale (0: no damage to 3: damage in the entire area) and then totaled (maximum =9 points). Abbreviations: AT, artificial tears; DQS, diquafosol ophthalmic solution; SD, standard deviation.
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Dry eye after cataract surgery and its treatment by topical diquafosol of post cataract surgery dry eye was 55.7%, and the incidence of dry eye from non-dry eye subjects was 31.3% postoperatively. In addition, in a consecutive prospective multicenter randomized study, we confirmed that the dry eye medication is effective in preventing these signs and symptoms. It is worthwhile to discuss the results obtained relating these data to the pathogenesis of perioperative dry eye syndrome. The prevalence of dry eye 4 weeks after cataract surgery decreased than that before surgery as expected. When we pay attention to the individual data of dry eye examination, we can recognize that BUT and fluorescein ocular surface staining score turned worse, but only the total subjective symptom score was largely improved. Naturally, blurred vision and photophobia which may be caused by cataract were improved with a big amount of change. In addition to that, the postoperative topical application of steroids, antibacterial drugs, and NSAIDs for 4 weeks may contribute to the improvement of dry eye. As NSAIDs and steroids, respectively, have an anesthesia 36 and anti-inflammatory effect, a variety of dry eye symptoms might be ameliorated. Therefore, the treatment with them for 4 weeks after cataract surgery might reduce the dry eye prevalence, comparing to the first rate after the operation. If we would like to find out the influence of cataract surgery for dry eye prevalence and incidence, the subjects should be examined after surgery at an earlier time, for example, several days later or 1 week later.
We further analyzed the risk factors leading to postoperative dry eye and found that female patients and patients with shorter BUT, with greater ocular surface staining score, or having the dry eye-related subjective symptom such as eye fatigue, eye pain, dull sensation, eye discomfort, dryness, and photophobia, all preoperatively are at risk to encounter postoperative dry eye. These risk factors are in line with features reported in the epidemiological study of dry eye in the elderly Japanese population. 37 Hence, patients with any of these factors should be expected to encounter postoperative dry eye and its countermeasures must be considered.
In this observational study, we found that cataract surgery with IOL implantation shortened BUT. In fact, the eyes without dry eye before surgery resulted in more significant shortening of BUT. It suggests that tear film instability is greatly involved in the pathogenesis of dry eye after cataract surgery. Risk factors of perioperative damage were reported as light from the operative microscope, incision wound, aging, forceful opening of the eye lids, topical anesthetics, cleansing of the conjunctival sac and lids with povidone iodine, topical NSAIDs, and preservatives in eye drops. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] These risk factors damage the ocular surface epithelium or the tear film or both and become causes of dry eye via the vicious cycle between unstable tear film and damaged epithelium. Damaged epithelium is thought to involve squamous metaplasia with reduction of goblet cells or lack of microvilli. 16 Shortening of BUT and an increase in staining score that we confirmed in this study are therefore thoroughly understandable. In this study, we revealed notable knowledge in perioperative medical care that in postoperative dry eye patients without dry eye before surgery, even if in non-dry eye subjects, through the surgery, the tear film stability was remarkably altered resulting in short BUT. It is indeed interesting that intraoperative risk factors increase the incidence of acute, iatrogenic, and specific dry eye-related syndrome.
Diquafosol is a dinucleotide derivative and exhibits purinoceptor P2Y 2 receptor agonist activity.
38 P2Y 2 receptor agonists, such as diquafosol and uridine 5′-triphosphate, have been reported to enhance the secretion of water and secretory mucin from conjunctival tissue and the expression of membrane-associated mucin. [25] [26] [27] 30, 39 Mucin is widely distributed throughout mucous tissues and it works to moisten mucous membranes and prevents them from damage. The lack of mucin on ocular surface reduced wettability to induce unstable tear film, and short BUT type dry eye was often seen clinically. [40] [41] [42] These findings indicate that mucin, together with aqueous tears, works to contribute to tear film stability. We revealed that in this study, the majority of the dry eye type was short BUT type (unstable tear film dry eye) rather than tear-deficient dry eye before and after cataract surgery.
We confirmed that in comparison to AT, DQS was effective in the improvement of tear film instability. General dry eye syndrome induced by various risk factors is thought to be a chronic disorder. 3, 23, 24 Conversely, the perioperative occurrence of dry eye due to specific risk factors [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] is similar to this, but is a non-physiological iatrogenic and acute disorder. With this disorder, the risk factors damage the epithelium, reduce goblet cell density, and shorten BUT. 16, 19, 20 As stated earlier, there is a profound rationale to provide DQS, which enhances water and mucin secretion, to eyes of this pathological state. In addition, the following interesting facts were discovered as the study evaluated eyes before surgery and all the way through postoperatively. The treatment with DQS showed a more remarkable effect on definite dry eye before surgery. Until recently, ophthalmic viscosurgical devices and balanced salt solutions have been used to address perioperative dry eye. By using DQS, we can cause a paradigm shift from simply lubricating and hydrating the ocular surface with products such as AT to more reasonable methods. [19] [20] Although some reports have shown that studies reporting the incidence of dry eye after cataract surgery with IOL implantation are scarce, 18 there has been no prospective multicenter study done on this subject. In the present study, we found the prevalence of postoperative dry eye to be 55.7% accordingly to the Japanese criteria of dry eye, 23 and the incidence of dry eye was ~31.3% at 4 weeks after cataract surgery. These numbers are meaningful in that they suggest that a substantial number of eyes develop dry eye following cataract surgery with IOL implantation, strongly indicating an urgent need for appropriate clinical management of this disorder due to its acute and iatrogenic nature. This is because such dry eye leads to a unique pathological condition of ocular discomfort as well as disturbs the quality of vision, and it is a disorder to be noted that influences the outcome of cataract surgery with IOL implantation. Together with the evaluation of pre-and postoperative condition of dry eye, a sufficient protocol to control the disorder needs to be determined. In late years, there have been some reports that examined an effect of DQS for dry eye after cataract surgery. The application of DQS improves signs including higher order aberrations and symptoms in dry eye patients after cataract surgery. 21, 22, [43] [44] [45] Higher-order aberrations were not investigated in this study, but they may be improved because tear film stability was improved to prolong BUT in the diquafosol treatment group. Hence, it became apparent that DQS, a new type of drug that enhances secretion of mucin and water, should be considered one of the treatment options to tackle perioperative dry eye.
This study has some limitations. In this study, we did not standardize the surgery procedure. Results may vary according to the site of incision and type of anesthesia. To know rationality to use a new drug, to know whether the drug has any other harmful effects, and to know whether it is cost-effective, further study may be undertaken. On the other hand, we examined an effect to postoperative dry eye only about DQS and AT. The eye drops which we can use for dry eye treatment exist as well as AT and DQS. We should consider conducting the further comparative studies with other lubricating eye drops.
Conclusion
Cataract surgery has a harmful effect on tear stability and ocular surface. Therefore, perioperative examination and the treatment of dry eye may be useful for the patient to set their satisfaction for cataract surgery higher. Our study suggests that in the dry eye medications after cataract surgery, Clinical Ophthalmology 2017:11 submit your manuscript | www.dovepress.com
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Dry eye after cataract surgery and its treatment by topical diquafosol DQS is better alternative to AT and DQS is a promising candidate for it.
